Chapter 87

Interdisciplinary Perspectives Linking Science
and Literacy in Grades K-5: Implications

for Policy and Practice

Nancy R. Romance and Michael R. Vitale

Recent appraisals of interdisciplinary research related to meaningful learning
summarised in the report by the National Academy Press, How People Learn
(Bransford et al. 2000), provide a foundation for why and how science as a form
of in-depth, content-area instruction can serve as a core element in literacy develop-
ment (e.g. reading comprehension, writing) in elementary schools. In their over-
view, Bransford et al. summarised consensus research into expert behaviour and
expertise as a unifying concept for meaningful learning. Such studies have estab-
lished that, in comparison to novices, experts demonstrate a highly developed
organisation of knowledge that emphasises an in-depth understanding of the
core concepts and concept relationships in their discipline (i.e. domain-specific
knowledge) that, in turn, they are able to access efficiently and apply with auto-
maticity. Although the instructional implications of such perspectives (discussed
below) are highly supportive of the importance of in-depth, content-area learning,
these same implications are in direct conflict with the present lack of emphasis on
meaningful curricular content in popular approaches to reading and language arts
that presently dominate elementary schools (e.g. Hirsch 1996, 2006; Walsh 2003)
and have resulted in a de-emphasis on science instruction (Dillon 2006; Jones
et al. 1999). In the following sections, a combination of theoretical perspectives
and empirical findings is presented as a foundation for establishing the relevance
of elementary science instruction implemented as a form of in-depth, content-area
learning to the development of student proficiency in reading comprehension and
writing. In doing so, this evidence-based argument provides a rationale for in-depth
science instruction within which reading comprehension and writing are integrated
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as a major curricular strategy that has the potential for providing a curricular
solution to systemic problems presently associated with school reform (Gonzales
et al. 2008; Lee et al. 2007; Lutkus et al. 2006).

Interdisciplinary Research Underlying Meaningful Learning:
Knowledge-Based Instruction Models

Interdisciplinary foundations of meaningful school learning draw from the comple-
mentary areas of cognitive science, cognitive psychology, applied learning, instruc-
tional design/development and educational research. Although there is a wide variety
of such work, several key research-based perspectives represent primary tenets. The
first has to do with the architecture of knowledge-based instruction systems (Luger
2008) originally developed for implementing computer-based intelligent tutoring
systems. The second (Kintsch 1994, 1998, 2004) involves the importance of having
a well-structured curricular environment for learning (Schmidt et al. 1997, 1999).
The third (Bransford et al. 2000) is the role of knowledge as applied in the problem-
solving behaviour of experts (i.e. expertise) relative to that of novices. The fourth has
to do with cognitive research dealing with the linkage of declarative knowledge to
procedural knowledge and automaticity (Anderson 1982, 1987, 1992, 1993, 1996).

Cognitive Science Foundations of Knowledge-Based
Instruction Models

Implemented originally in computer-based intelligent tutoring systems (ITS), the dis-
tinguishing characteristic of knowledge-based instruction is that all aspects of instruc-
tion (e.g. teaching strategies, student activities, assessment) are related explicitly to an
overall design that represents the logical structure of the concepts in the subject-matter
discipline to be taught, a curricular structure that, while grade-appropriate, should
parallel the knowledge organisation of disciplinary experts. In considering this design
characteristic as a key focus for meaningful learning, knowledge-based instruction is
best illustrated by the original ITS architecture developed in the early 1980s (e.g.
Kearsley 1987; Luger 2008). As Figure 87.1 shows, in ITS systems, the explicit rep-
resentation of the knowledge to be learned serves as an organisational framework for
all elements of instruction, including the determination of learning sequences, the
selection of teaching methods, the specific activities required of learners, and the eval-
uative assessment of student learning success. In considering the implications of
knowledge-based instruction for education, it is important to recognise that one of the
strongest areas of cognitive science methodology focuses on explicitly representing
and accessing knowledge (e.g. Luger 2008; Kolodner 1993, 1997; Sowa 2000).

The research foundations of knowledge-based instruction models are consistent
with well-established findings from cognitive science. In particular, Bransford et al.
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Fig. 87.1 Architecture for a knowledge-based intelligent tutoring system

(2000) stressed the principle that explicitly focusing on the core concepts and
relationships that reflect the logical structure of the discipline and enhancing the
development of prior knowledge are of paramount importance for meaningful learn-
ing to occur (see also Schmidt et al. 2001). Closely related to this view is work by
Anderson and others (e.g. Anderson 1992, 1993, 1996; Anderson and Fincham
1994; Anderson and Lebiere 1998) who distinguished the ‘strong’ problem-solving
process of experts as highly knowledge-based and automatic from the ‘weak’ strategies
that novices with minimal knowledge are forced to adopt in a heuristically oriented,
trial-and-error fashion. Also directly related are key elements in earlier versions of
Anderson’s (1996) ‘ACT’ cognitive theory that (a) consider cognitive skills as forms
of proficiency that are knowledge-based, (b) distinguish between declarative and
procedural knowledge (i.e. knowing about vs. applying knowledge) and (c) identify
the conditions in learning environments that determine the transformation of declar-
ative knowledge to procedural knowledge.

In considering the role of prior knowledge in learning, the consensus research
findings presented by Bransford et al. (2000) emphasised that both the conceptual
understanding and use of knowledge by experts in application tasks (e.g. analysing
and solving problems) are primarily a matter of accessing and applying prior knowl-
edge (Kolodner 1993, 1997; Rivet and Krajcik 2008) under conditions of automatic-
ity. As characteristics of learning processes, the preceding emphasises that extensive
amounts of varied experiences (i.e. practice) focusing on knowledge in the form of
the concept relationships to be learned are critical to the development of the .
different aspects of automaticity associated with expert mastery in any discipline.
In related research, Murray Sidman (1994) and others (e.g. Artzen and Holth 1997;
Dougher and Markham 1994) have explored the conditions under which extensive
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practice to automaticity focusing on one subset of relationships can result in
additional subsets of relationships being learned without explicit instruction. In
these studies, the additional relationships were not taught but, rather, were implied
by the original set of relationships that were taught (i.e. formed equivalence rela-
tionships). In related work, both Mark Niedelman (1992) and Anderson and others
(e.g. Anderson 1996) have offered interpretations of research issues relating to
transfer of learning that are consistent with the knowledge-based approach to learn-
ing and understanding. Considered together, these findings represent an emerging
knowledge-based emphasis on the linkage between the logical structure of what is
to be taught with the instructional means for accomplishing meaningful learning.

A Knowledge-Based Framework for Approaching
Comprehension Through Content-Area Instruction

The well-defined structure of the science knowledge (e.g. NSES Standards) appro-
priate for in-depth science instruction in K-35 schools fits well with knowledge-based,
ITS-type instructional models. However, in order for such in-depth science instruction
to be adopted as a primary means for developing student reading comprehension,
schools must have an evidence-based rationale as a foundation for justifying increased
time for science instruction. Because of the strong dependence of the role of prior
knowledge in meaningful learning (Kintsch 1994, 1998, 2004), a knowledge-based
approach to reading comprehension would consider reading comprehension as a
subset of comprehension in general (Vitale and Romance 2007b). With this view in
mind, all of the instructional strategies for engendering the development of science
students’ in-depth understanding (e.g. hands-on activities, inquiry-oriented questioning,
journaling), therefore, are also applicable to building student proficiency in reading
comprehension.

One approach to addressing the linkage of comprehension development to a
knowledge-based approach to meaningful learning is the construction—integration
model developed by Kintsch and his colleagues (e.g. Kintsch 1994, 1998, 2004).
Kintsch's model explains the process of reading comprehension (and, by inference,
comprehension) by distinguishing between the propositional structure (i.e. semantic
meaning) of the conceptual content of a text that is being read and the prior knowl-
edge that the reader brings to the process of reading. In this context, meaningful
comprehension results when the prior knowledge of the learner can be joined with
the propositional structure of the text. If the propositional structure of the text is
highly cohesive (i.e. knowledge is explicitly well-organised in propositional form),
then there is less demand upon readers’ prior knowledge. But, if the text is not cohe-
sive (i.e. contains significant semantic gaps), then the reader’s prior knowledge is
critical for understanding. In either case, comprehension consists of the integration
of the propositional structure of the text with reader prior knowledge.

Within this framework, much of the research conducted by Kintsch and his col-
leagues (e.g. McNamara et al. 2007) has focused on the interplay of meaningful text
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structure and the prior knowledge of the reader considered as a learner. However, as
noted above, the elements of the Kintsch model are readily generalisable to any
form of meaningful learning in school settings that involves the interaction of stu-
dents’ prior knowledge with a (cohesive) curricular structure that, together, provide
the context for meaningful learning. In this sense, Kintsch's model offers an evi-
dence-based framework (e.g. McNamara and Kintsch 1996; Weaver and Kintsch
1995) that is supportive of the appropriateness of in-depth science instruction
through knowledge-based models and of the linkage of such knowledge-based
models focusing on science to the development of reading comprehension.

Combining the architecture of knowledge-based instruction with the construction—
integration model of Kintsch (1994, 1998, 2004) allows a reinterpretation of research
in reading comprehension in a manner that is directly relevant to the use of K-5
science curricula that are ‘coherent’ (see Schmidt et al. 2001) as a vehicle for build-
ing reading comprehension. Within the field of reading, both individual researchers
(e.g. Block and Pressley 2002; Farstrup and Samuels 2002) and research groups
(RAND Report, Catherine Snow 2002; National Reading Panel 2000) have investi-
gated and evaluated different aspects of reading comprehension instruction. However,
in evaluating such research, the RAND report concluded that present knowledge in
the field is not yet adequate to systemically reform reading comprehension instruc-
tion, particularly the type of content-area reading comprehension that ultimately is
required for success in textbook-oriented high school courses in science and other
areas. In contrast, in recent interdisciplinary-oriented reading comprehension
research, McNamara et al. (2007) concluded that skilled comprehenders are more
able to use knowledge (and strategies) actively and efficiently to help them to com-
prehend text and, further, that individual differences in reading comprehension
depend on the dynamics associated with such knowledge activation. Clearly, the acti-
vation of prior knowledge in combination with coherent curricular structure are key
components of any instructional environment that focuses on the development of in-
depth content-area understanding such as science or reading comprehension.

While education has addressed the role of knowledge in meaningful learning and
comprehension (e.g. Carnine 1991; Glaser 1984; Hirsch 1996, 2001; Kintsch 1998),
such attention was minimal until the publication of the Bransford et al. (2000) book
(see Sean Cavanagh [2004] interview with David Klahr). However, consistent with
McNamara et al.’s (2007) conclusions, Bransford et al. (2000) emphasised how
conceptual frameworks as a form of prior knowledge facilitated new meaningful
learning (i.e. comprehension in learning tasks). When these perspectives are con-
sidered together, it is the cognitive science perspective that provides the means to
understand the dynamics of the important differences between what the reading
comprehension literature has identified as proficient vs. struggling readers, particu-
larly in instructional settings requiring content-area reading (see Catherine Snow
2002; Vitale and Romance, 2007).

One additional implication from Bransford et al. (2000) supported by others (e.g. .
Carnine 1991; Glaser 1984; Kintsch 1998; Vitale and Romance 2000) is that, from a
knowledge-based perspective, curriculum mastery in schools should be approached
as a form of expertise and that student conceptual mastery of academic content




1356 N.R. Romance and M.R. Vitae

should be consistent with how experts perceive the discipline (see also Schmidt et g1,
2001). In this regard, emphasising the in-depth understanding of core concepts and
concept relationships in grade-appropriate form is a critical element of general com.
prehension and, by inference, of reading comprehension as well. In fact, a know]-
edge-based perspective of reading comprehension that is consistent with the broad
idea of meaningful comprehension presented by Bransford et al. (2000) would sug-
gest that the nature of comprehension in both general learning and reading-to-lear
settings is equivalent (see Vitale and Romance 2007b), with the exception that the
specific learning experiences associated with reading comprehension are text-based,

Support for Using Content-Area Instruction in Science
as a Means of Enhancing Literacy Development
at the Elementary Levels

Following from the preceding framework, the question of empirical support for and
the relevance of linking in-depth science instruction to literacy development can be
addressed. Because the disciplinary structure of science knowledge is highly cohesive,
cumulative in-depth instruction in science provides a learning environment well-
suited for the development of understanding as expertise. As a focus for meaningful
learning in school settings, science conceptual knowledge is grounded on the every-
day events that students experience on a continuing basis. In developing science
knowledge, elementary students are able to (a) link together different events that
they observe, (b) make predictions about the occurrence of events (or manipulate
conditions to produce outcomes) and (c) make meaningful interpretations of events
that occur, all of which are key elements of meaningful comprehension (Vitale and
Romance 2006a). As discussed in the following sections, meaningful learning in
science naturally incorporates critical elements associated with the development of
curricular-based science expertise by students (e.g. acquisition and organisation of
conceptual knowledge, experiencing a potentially wide range of application experi-
ences that provide varied practice in learning). In turn, with the active development
of such in-depth conceptual understanding in science serving as a foundation, the
use of prior knowledge in the comprehension of new learning tasks, and in the com-
munication of what knowledge has been learned, provides a basis for key aspects of
literacy development.

Research Trends Recognising the Importance of Content-Area
Instruction in Science in Primary (K-2) Grades

Because literacy development is a major focus in grades K-2, the lack of informa-
tional science materials to which young children are exposed in school settings is an
important curricular policy issue. In this regard, David Pearson and Nell Duke (2002)
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gifted students; Russel Tytler and Suzanne Peterson (2001) summarised the meaningful
changes in 5-year-olds’ explanations of evaporation as a result of extended in-depth
science instruction; Jacqueline Jones and Rosalea Courtney (2002) addressed the
processes of curricular planning for instruction and assessment in early science
learning; Carol Armga et al. (2002) and Laura Colker (2002) suggested guidelines
for teaching science in early childhood settings; and Michelle Lee et al. (2000)
described the benefits of school-wide thematically oriented instruction in science.

In support of the preceding as an emerging trend, an article on a parallel theme
by Robert Siegler (2000) discussed a rebirth of attention to children’s learning
within developmental psychology. Within this context, Herbert Ginsberg and Susan
Golbeck (2004) offered thoughts on the future of research in science learning that
encouraged researchers and practitioners to examine critically and to be open to the
possibilities of unexpected competence in young children (e.g. Revelle et al. 2002),
perspectives related to those of Lynn Newton (2001) and Hilary Asoko (2002) and
highly consistent with the importance of in-depth science instruction at the primary
level (see also Sandall 2003).

Research Trends Recognising the Importance
of Instruction in Science for Literacy Development
in Upper Elementary Grades 3-5

There are an expanding number of research initiatives at the upper elementary grades
that have linked science instruction and literacy. Gina Cervetti and David Pearson
(2006) reported results of a series of studies addressing the role of reading in learning
science through their Roots and Seeds curriculum. Within their model, students first
participate in inquiry-based, hands-on experiments to illustrate science concepts which
are then followed by science reading assignments. Duke and her colleagues (Nell Duke
2000b, 2007; Nell Duke and David Pearson 2002) conducted a series of studies of the
use of informational texts at the primary school level. These studies addressed an
important instructional deficiency identified in earlier work in which Nell Duke (2000a)
reported a scarcity in the use of informational texts at the primary grade levels. In
related work, Nell Duke and David Pearson (2002) reported the results of studies
addressing use of informational text in building reading comprehension (see also
Maniates and David Pearson 2008; Pearson and Fielding 1995). In related research,
Annemarie Palincsar and her colleagues (Hapgood et al. 2004; Hapgood and Palincsar
2007; Magnusson and Annemarie Palincsar 2003; Annemarie Pahncsa.randMaonusson
2001) conducted studies investigating the interdependency of hands-on activities (first-
hand investigations) and related reading focused on the same or similar science con-
cepts (second-hand investigations) on student science and literacy performance.
Another important series of research studies by Guthrie and his colleagues
(Guthrie and Ozgungor 2002; Guthrie et al. 2004a, b) demonstrated consistent
improvement in student reading comprehension and motivation to learn resulting
from embedding multi-week, science-focused instructional modules into traditional
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7. Reference a variety of conceptually oriented tasks for the purpose of assessment
in order to distinguish between students with and without in-depth understanding
(e.g. distinguishing positive vs. negative examples, using IF/THEN principles tg
predict outcomes, applying abductive reasoning to explain phenomena that occur
in terms of science concepts).

8. Recognise how and why in-depth, meaningful, cumulative learning within a
content-oriented discipline provides a necessary foundation for deve]oping
proficiency in reading comprehension and written communication.

Research Into the Effect of Integrating Literacy
Within Knowledge-Based Science Instruction

While the preceding studies involved the general linkage between science and
literacy, this section reviews in expanded fashion two different multi-year mode]s
that have taken a broader approach by replacing (vs. enhancing) regular reading/
language arts instruction with in-depth science instruction in which reading com-
prehension and writing are integrated. These two models are the Valle Imperial
Project in Science (Klentschy 2003, 2006; Klentschy and Thompson 2008) and
Science IDEAS (Romance and Vitale 2001, 2008). Both models have demonstrated
that using in-depth science instruction as a means for improving student literacy
(reading comprehension, writing) is consistently more effective than the traditional
basal reading/language arts programs presently endorsed by the majority of elemen-
tary education practitioners, policy makers (see Reading First Impact Study Interim
Report, Gamse et al. 2008) and reading experts in academic settings. Moreover,
each of these comprehensive models incorporates the eight major instructional prin-
ciples based on interdisciplinary perspectives for integrating literacy within science
instruction and offers significant implications for curricular pelicy that would also
enhance time allocated to science in K-5 classrooms.

Valle Imperial Project in Science (VIPS)

VIPS Program Overview

Working with primarily Hispanic students in Imperial County, located in the south-
east corner of California along the US border with Mexico where 50% of students
are ELL, the VIPS science instructional model emphasises five interrelated elements
necessary for effective systemic reform (National Academy of Science 1997): (a) 2
high-quality curriculum; (b) sustained professional development and support for
teachers and school administrators; (c) materials support; (d) community and top
level administrative support; and (e) programme assessment and evaluation. Within
this framework, the design of the VIPS model links science and literacy through the



